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wherein 

Ri is alkyi or trifluoromethyl. 

R2. R3 and R4 independently are hydrogen or a carboxy-protecting group and 

Rs is hydrogen or alanyl optionally protected at the amino moiety thereof, with the proviso that when R2. R3 and 
R4 simultaneously are hydrogen, then Rs is hydrogen, 
in free form or as appropriate in salt form, 

possess pharmacological activity. In particular they modulate Qnspecific antimicrobial resistance and possess 
particularly low pyrogenicity. 

They are indicated for use as immunomodulators and antiviral and anti-tumor agents. 

They can be prepared by reaction with a glyoxylic acid derivative or reaction with an alanyl derivative, where 
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[n.{y-glutamyl)glycyl]alanine derivatives 

The invention concerns a compound of formula I 
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wherein 

Ri is alkyi or trifluoromethyl, " 

R2, R3 and Rd independently are hydrogen or a carboxy-protecting group and 
20 R5 is .hydrogen or alanyl optionally protected at the amino moiety thereof, with the proviso that when R2. R3 
and simultaneously are hydrogen, then R5 is hydrogen, 
in free form or as appropriate in salt form. 

The carbon atoms marked with an asterisk * in formula 1 and the a carbon atom in alanyl as substituent 
R5 are asymmetrically substituted. They can thus have the R or the S configuration. 
25 For convenience these centers of asymmetry are numbered 1 to 4 in formula I after each asterisk. The 
a carbon atom in alanyl as a substituent R5 is hereafter designated as "5. 

The invention comprises a compound of formula I in both racemic and optically pure form. Preferred 
are the compounds in optically pure form. *1 preferably is in the R configuration. '2 preferably is in the S 
configuration. '3 preferably is in the R configuration. *5 preferably is in the S configuration. 
30 As appears from formula I the double bond therein has the trans (E) configuration. 
Ri preferably is alkyl. 

R2, Ra and R* preferably are a carboxy-protecting group. 

Rs preferably is alanyl optionally protected as defined above, preferably unprotected alanyl. 
Alkyl preferably is of 1 to 15 carbon atoms, more preferably of 4 to 12, especially of 5 to 11. particularly 
35 of 6 to 11 carbon atoms. It preferably is straight-chained. 

A carboxy-protecting group preferably is benzyl or alkyl of 1 to 5, preferably of 1 to 4 carbon atoms, 
especially benzyl. 

An ami no-protecting group preferably is a hydrolytically splittable group such as formy! or, especially, 
tert-butyloxycarbonyf. 

40 A subgroup of compounds of formula I is the compounds of formula la as defined below, i.e. the 
compounds of formula 1 wherein R5 is hydrogen, especially those wherein R2. R3 and R* are hydrogen. The 
subgroup of compounds of fprmula I wherein R-, is as defined above and R2 to Rs are hydrogen is herewith 
defined as the compounds Ip. 

A preferred subgroup of compounds of formula I is the compounds of formula I wherein 
45 Ri is alkyl of 5 to 1 1 carbon atoms, 

R2 . R3 and independently are a carboxy-protecting group and 
Rs is as defined above under formula I. 

A further subgroup of compounds of formula I is the compounds of formula Is 

50 
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75 v/herein 

Ri^ is alkyl of 4 to 12 carbon atoms, 

Ro® is hydrogen, alkyl of 1 to 4 carbon atoms or benzyl, 

R3^ and R^^ are hydrogen or alkyl of 1 to 4 carbon atoms, and 

Rc^ is hydrogen or alanyi optionally protected at the amino moiety thereof by tert-butyloxycarbonyl. 
20 In a subgroup R2^ is hydrogen, methyl or benzyl. 

A compound of formula I can be In free form or appropriately in salt form. For example, when at least 
one of R2 to Ri is hydrogen it can be in free carboxylic acid or in anionic, e.g. sodium salt form and when 
Rs is unprotected alanyi. it can be in free base or in acid addition, e.g. hydrochloride salt form. A compound 
of formula I in free acid or base form can be converted as appropriate into a corresponding compound in 
25 anionic or acid addition salt form in conventional manner and vice-versa. 
A compound of formula I can be obtained by a process comprising 
a) for the preparation of a compound of formula la 
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wherein Ri to R^ are as defined above, 
reacting a compound of formula II 
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wherein 

Rl is as defined above and 

R2 and R3' independently are a carboxy-protecting group, 
with a compound of formula III 
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wherein is a carboxy-protecting group, 

and where appropriate splitting off in one or more steps the carboxy-protecting groups from the resultant 
compound of formula la 
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20 wherein . R2 . R3 end R4 are as defined above; or 
b) for the preparation of a compound of formula lb 
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35 

wherein 

Rl , R2'. R3 and are as defined above and 
R5' is alanyl optionally protected at the amino moiety thereof, 
-40 reacting a compound of formula la' as defined above with a compound of formula IV 

*5 

HOOC CH(CH3) NHR^ IV 



lb 



wherein Rs is an amino-prjotecting group, 

and where appropriate splitting off the aminc-protecting group from the resultant compound of formula 
lb' 



55 
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75 wherein 

Rl . R2 . R3 and R«. are as defined above and 

Rs is alanyl protected at the amino moiety thereof, and recovering the resultant compound of formula I 
in free form or as appropriate in salt form. 
The process of the invention can be effected in accordance with known procedures. 
20 Process variant a) is a pericyclic reaction (En reaction). It is e.g. effected by reacting a compound of 
formula li in a solvent inert under the reaction conditions, e.g. a chlorinated hydrocarbon such as 
dichloromethane. v/ith a glyoxylic acid ester of formula III. The temperature may vary from about 10 'C to 
about 25** 0, it preferably is about room temperature. Conventional carboxy-protecting groups may be used, 
e.g. benzyl, methyl, ethyl or butyl. Compounds having the double bond in the trans (E) configuration are 
25 obtained. 

The subsequent optional deprotection step is also effected in conventional manner, e.g. by hydrolysis 
with a base such as sodium hydroxide. It is effected in one or more, preferably successive steps. 

Process variant b) is an esterification. It is e.g. effected by reacting a compound of formula la in a 
solvent inert under the reaction conditions, such as a chlorinated hydrocarbon, e.g. dichloromethane. with a 
30 protected alanine. Preferably the reaction is effected in the presence of a diimide such as dicyclohexylcar- 
bodiimide. Conventional amino-protecting groups may be used, such as tert-butyloxycarbonyl. 

The subsequent optional deprotection step is also effected in conventional manner, e.g. by hydrolysis 
v;ith an acid such as trifluoroacetic acid. 

As indicated above, when Rs is hydrogen the compounds of formula I have at least four centers of 
35 asymmetry and when R5 is optionally protected alanyl they have at least five such centers. When the 
process steps of the invention are effected the configuration remains unchanged, i.e. starting from a 
compound with the R or, respectively, the S configuration at a particular center of asymmetry, a product 
with the same configuration at that center is obtained. Compounds produced in a reaction step resulting in 
the formation of a new center of asymmetry are normally obtained as a mixture of compounds having the R 
40 and S configuration at that center, i.e. as a racemate. Such mixtures can be fractionated in conventional 
manner into the individual diastereoisomers, e.g. chromatographically. 

The starting materials can be obtained in conventional manner, e.g.. for the compounds of formula II, 
according to the following reaction scheme: 

45 
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wherein Ri . R2' and R3' are as defined above; r' and r" each are a protecting group; X is a leaving group 
such as halogen: and Al is alanine or protected alanine. 

Thus starting from protected cr-aminonnalonic acid of fornnula V, of-alkylation and partial saponification 
and decarboxylation lead to the racemate of the a-glycine ester of formula VIL This compound is saponified, 
e.g. at O'C with IN sodium hydroxide, and coupled with an appropriate (R)- or (S)-alanine or -alanine 
derivative. The resultant diastereoisomeric mixtures are chromatographically fractionated, whereby the 
configuration at the glycine moiety is determined e.g. by enzymatic hydrolysis. The resultant, sterically 
homogeneous products of formula Vlll (RR. SR. RS and SS) are reacted with the mixed anhydride of 
formula IX. e.g. the mixed anhydride from N-(RiCO)-(R)-glutamic acid benzyl ester and chloroformic acid 
isobutyl ester, to obtain the diastereoisomers of formula ii. 

Insofar as its preparation is not specifically described herein, e.g. in the Examples, a compound used as 
a starting material is known or can be prepared in conventional manner from known compounds. 

The following Examples illustrate the invention but are not limitative. All temperatures are in degrees 
Centigrade. The abbreviations have the following meaning: 
Ala alanyl; 

BOG tert-butyloxycarbonyl; 
Bu or butyl n-butyl; 
Bz benzyl; 

DMSO dimethylsulfoxide: 
Et ethyl; 
Hex n-hexyl; 
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Me methyl; 
na not applicable; 
Phe phenyl; 
Und n-undecyl. 

5 Where a compound is in optically pure form at a particular center of asymmetry, i.e. when it has either 

the R or the S configuration at that center but the absolute configuration is not known, this is Indicated by 
the symbol "X" or "Y". Where the configuration at a particular center of asymmetry is racemic this is 
indicated by the symbol "RS". 

10 

Example 1 : {N-[N -Heptanoyl-(R)-y-glutamyl-(a-benzylester)]-(R)-«-[2-(RS)-hydroxypent-4-enoic acid 
butyl ester-5-yl]glycyl]-(S)-alanine ethyl ester 



75 [Formula I: Ri = Hex; R2 = Bz; R3 = Et: = Bu; R5 = H; configuration: "1: R; *2: R; '3: S; "4: RS] 



[Process variant a)] 

20 To a solution of 1.17 g freshly distilled glyoxyllc acid n-butyl ester (compound of formula III wherein 
Ri is Bu) and 3.12 g tin tetrachloride in 20 ml of absolute methylene chloride is slowly added dropwise at 
20" a solution of 1.06 g {N-[N'-heptanoyl-(R)-v-glutamyl-(a-benzylester)]-(R)-a-allylglycyl}-(S)-alanine 
ethyl ester (compound of formula II wherein Ri = Hex; R2' = Bz; R3' = Et; configuration: '1: R; "2: R; "3: 
S) in 10 ml of absolute methylene chloride. After 3 hours and conventional working-up the mixture is 

25 chromatographed over silicagel (eluant: dichloromethane/isopropanol/cyclohexane 3:2:7). The title com- 
pound is obtained (colourless, amorphous): 

'H-NMR (DMSO): 8.4. 8.38 (2d, 1H, NH); 8.22 (d. 1H, NH, 6 Hz); 8.12 (d. IN, NH. 7 Hz); 7.38 (s. 5H. CsHs); 
5.68 (m, 1H. olefins); 5.5 (m, 1H. define); 5.13 (s. 2H, OBZ); 4.92 (bt. 1H, a-H-Gly); 4.21 (quin, IN. a-H-Ala. 
6 Hz); 4.24 (m. 1H, a-H-Gly); 4.05 (m. 4H. OEt and OBu); 1.27 (d. 3H. Et. 6 Hz); 1.18 (t. 3H. OEt); 0.88 (t, 
30 3H. OBu); 0.85 (t. 3H. Hex). 

The compound of formula II used as a starting material is obtained in a manner analogous to the 
compound of formula 11 for Example 3 (see footnote 2) in the Table hereunder): 

^H-NMR (DMSO): 8.39 (d, 1H. NH. 6 Hz); 8.23 (d, 1H. NH. 6 Hz); 7.98 (d. 1H, NH, 7 Hz); 7.37 (s. 5H. Phe); 
5.75 (m. 1H, define); 5.12 (s, 2H. OB2); 5.08 (m. 2H, define); 4.23 (quin. 1H. a-H-Ala. 6 Hz); 4.25 (m, 1H. a- 
35 H-Glu); 4.36 (m, 1H. a-H-Gly); 4.06 (g. 2H, OEt, 6 Hz); 1.28 (d. 3H. CHCH3); 1.17 (t. 3H. OEt); 0.84 (t, 3H, 
Hex). 
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Example 7 : {;N-[N'-Heptanoyl-(R)-y-glutannyl]-(R)-a-[2-(RS)-hydroxypent-4-enoic acid-5-yl]glycyi}— 
5 (R)-alanine 



[Formula I: Ri = Hex: Rs. Ra. R4. Rs = H; configuration: "1: R; '2: R; *3: R; '4: RS] 

70 

[Procsss variant a), deprotection step] 

270 mg {N-[N'-Heptanoyl-(R)-7-glutamyl-(a-benzylester)HR)-a-[2-(RS)-hydroxypent-4-enoic acid 
butyl ester-5-yl]-glycyl}-(R)-alanine methyl ester (compound of Example 3) is dissolved in a mixture of 
75 10 ml of tetrahydrofuran and 1.2 ml of 1N NaOH and saponified at O' for 3 hours. The reaction mixture is 
brought to pH 4.5 with 1 N HCI and lyophilised. The residue is chromatographed over HP20 (DAICEL) using 
a watenacetone gradient (up to 15 % acetone). After renev/ed lyophilisation the title compound is 
obtained: 

'H-NMR (D20): 5.95 (m, 1H. define); 5.66 (dd, IH. define. 12 Hz. 6 H2); 4.18 (m. 3H. a-H-Ala. a-H-Glu): 
20 1 .36, 1 .38 (d, 3H, CHCH3. 6 Hz); 0.86 (t. 3H, Hex). 



25 



30 



35 



40 



45 



50 



55 



12 



BNSDOCID: <EP 041VB03A1 . 



EP 0 417 803 A1 



10 



15 



25 



30 



35 



40 



45 



c 



T3 



a 
in 

> 

CO 
CQ 

a 
o 



--^ 

M 

O 

u 

O 

c 



O 
u 



3 

e 

O 



o 



«M CM 
c « 

o 



50 



3e: 



C 



<0 

c 



S S S2 a 2 



CO 



V5 



CO 

0« P( 



CO 



to 



s I I 1 I 



M m « m 
•O ^ O 1-1 



rtj • CM ^ 
— < — « 

a: X — oo 



□5 ^ 

•. — ^ ac 

^00 £ ^ 
oo 
• \o ^ 
*— » O *n 

— 3: oj 
s vo s 

^ «•( 

^ a) 

m C ^ 

* E 'H -a 

NO**-*'—' 
X X o 

<j ^ m 
csi o m 
«-i ^ 

X ^ 

- -c 
ft) -o 
C * ^ to 

»M 

ft) VD *— I 
i-H ^ • 

O t'i •* 

. •« X 

ac O 

rH M X 

^ X o 
^ cn 

T3 - \o 
•O .-t X 



ME> X ^ a, 

in a 

^ ^ « • 

« X C3 

c: f-1 -H 

•H H-l 

M-f ^ 0 — 

4» • ^ 3 

^ O •H 

«. • X a 

X ^ I 

0 

.-O 

a 0 4J (o H 

X 

9^ X CD X •> 
• I « I X 



O 



oo 
at 



CM ^ «~i tr> v0 
<D 4) 4) <D ft> 




O O O O O 
T5 t3 "5 

§s § i i 



u u u u u 



<u a) <u ft> V 
j= x: jc: js 



g§ g s s 

V4 1-1 M Wl M 



c c c: c c 

-H -H -H -H 

jj 4J 4.i Jm» 

U IM u T4 Wl 

lO fO (O 

4^ 4-1 4^ <U ^ 

CO CO CO CO CO 



rM m ^ *n w 



55 



13 

BNSDOCID; <EP 0417803A1_L> 



EP 0 417 803 A1 



Kxamp le 13 : (N- [N^ -Heptanoyl- (R) ^-qlutantyl- (a-benzylester) 1 - 

(S) -q- [2- (X) - (tert-butyloxycarbonyl- (S) -alanyloxy) pent- 
5 4-enoic acid butyl e3ter-5-yl]alycylt-(R) -alanine 

methyl ester 

and 

{N- [N^ -Heptanoyl" (R) -glutamyl- (a-benzylester) 1 - 
(S) -g- [2- (Y) - (tert-butyloxycarbonyl- (S) -alanyloxy) pent- 
4-enoic acid butyl e3ter-5-yl]qlycyl}-(R) -alanine 
methyl eater 



[Formula I: Ri = Hex; R2 = Bz; R3 = Me; R4 = Bu; R5 = 
BOC-(S)-alanyl; 

configuration: *1: R; *2: S; *3: R; 

*4: X and, respectively^ Y; 
*5: S] 



[Process variant b) ] 



To a solution of 0.99 g { N-[N'-heptanoyl- (R)-y -glutamyl- 
(o-benzylester) ] - (S) -a- [2- (RS) -hydroxypent-4-enoic acid butyl ester-5-yl] - 
glycyl)-(R) -alanine methyl ester (compound of Example 4), 0.28 g 
BOC-(S) -alanine and 15 mg 4-dimethylaminopyridine (Steglich base) in 15 ml 
of absolute dichloromethane is added at 0* in portions 0.31 g 
dicyclohexylcarbodiimide. After 15 hours at IS*' the precipitated urea is 
filtered off, the solution is concentrated and the diastereoisomers are 
chromatographically fractionated over silicagel (eluant: cyclohexane/ 
isopropanol/dichloromethane 10:1:3). The title caqx>unds are obtained: 
{X)-diastereoisoraer: [a]o^^ = +28.5^ (c = 1 in methanol); 

M.P. 121-122^- 

^H-NMR (CD3OD/C6D6 3:1): 5.9 (m, IH, olefine) ; 5.7 
(m, IH, olefine); 5,1 (s, 2H, Bz) ; 5.02 (d, IH, 
a-H-Gly, 6.25 Hz); 5.07 (t, IH, CH2CHOCO, 5 
Hz); 4.52 (dd, IH, a-H-Glu, 8.75 Hz, 5 Hz); 
4.45 (q, IH, a-H-Ala, 6.25 Hz); 4.32 (m, IH, 
a-H-Ala); 4.03 (t, 2H, COOBu) ; 3.60 (s, 3H, 
OMe); 1.37 (d, 5H, 2 x Me -Ala, 6.25 Hz); 0.87 
(t, 3H, Hex); 



(Y)-diastereoisomer: [ajo^o = +16.5' (c = 1 in methanol): 
55 ^H-NMR (CD3OD/C6D5 3:1): 5.9 (m, 1 H. olefine): 5.7 (m, IH. olefine): 5.16 (s, 2H. Bz); 4.94 (d, IH. a-H-Gly. 
6.25 H2): 5.08 (t. 1H. -CH2CHOCO. 5 Hz); 4.42 (m, 2H. a-H-Ala, a-H-GIu); 4.2 (q. 1H, a-H-Ala. 6.25 Hz); 4.12 
(t, 2H. COOBu): 3.69 (s. 3H. OMe); 1.4 (d. 3H. Me-Ala, 6.25 Hz); 1.38 (d. 3H. Me-Ala. 6.25 Hz): 0.95 (t. 3H, 
OBu); 0.90 (t. 3H, Hex). 
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Example 15 : {N-[N^-Heptanoyl-(R)-7-g»utamyl-(a-benzylester)3-(S)-a-[2-(Y)-((S)-alanyloxy)penM-en- 
oic acid butyl ester-5-yl]glycyl}-(R)-alanlne methyl ester 
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[Formula I: Ri = Hex; R2 = Bz; R3 = Me; R* = Bu; R5 = (S)-Ala; configuration "1: R; '2: S; "3: R; '4: Y; *5: 
S3 



5 [Procass variant b), deprotection step] 

200 mg {N-[N'-heptanoyl-(R)-7-glutamyl-(a-benzylester)]-(S)-Q-[2-(Y)-(tert-buty!oxycarbonyl-(S)- 
alanyloxy)pent-4-enoic acid butyl ester-5-yl]glycyl}-(R)-alanine methyl ester (compound of Example 
13, (Y)-diastereoisomer) is added at 0* in portions to 5 ml of trifluoroacetic acid. After 3 minutes the 

10 mixture is evaporated to dryness under reduced pressure, the residue is taken up in dichloromethane and 
this solution washed with 10 % sodium bicarbonate solution. The organic phase is dried over sodium sulfate 
and again evaporated to dryness, the residue is taken up in dioxane/5 % HCI and lyophiiised. The title 
compound (in hydrochloride acid addition salt form) is obtained: 
[a]o^^ = +23.6" (c = 1 in methanol); 

75 MP. 85-87'; 

'H-NMR (CDaOD/CsDs 3:1): 5.83 (td, 1H. olefine. 7.5 Hz. 15 Hz); 5.7 (dd. 1H. define. 5 Hz. 15 Hz); 5.14 
(dd, 1H. CHoCHOCO, 4 Hz. 7.5 Hz); 5.0 (d. 1H. a-H-Gly. 6.25 Hz): 4.54 (dd. 1H. a-H-Glu. 5 Hz. 3.75 Hz): 4.4 
(q, 1H. a-H-Ala, 6.25 Hz); 4.07 (t. 2H. OBu): 3.69 (q. 1H, a-H-Ala-NHs): 3.62 (s. 3H. OMe): 1.4, 1.34 (2 x d. 
Me-AIa, 6.25 Hz): 0-88. 0.90 (2 x t. 2 x 3H. Hex. OBu). 
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Earlier intermediates are obtained e.g. as described Jiereunder for representative compounds: 



5 A) 2-tert-ButyIoxycarbonylannino-2-allylmalonic acid diethyl ester 

[Formula VI: r' = Et; r" = BOC] 

10 Following alcoholate formation from a solution of 1.8 g sodium in 100 ml of absolute ethanol, a solution 
of 20.5 g 2-tert-butyloxycarbonylamlnomalonic acid diethyl ester (compound of formula V wherein R 
= Et: R ' = BOC) in 20 ml of ethanol is added dropwise. 9 g allyl bromide is then added and the reaction 
mixture is heated for 4 hours under refluxing. The precipitated sodium bromide is filtered off and the 
solution concentrated under reduced pressure and worked-up in conventional manner. The title compound 

75 is obtained as a crude product which can be used without further purification. A sample is chromatographed 
over silicagel (eluant: hexane/acetic acid ethyl ester 4:1) for characterization: 

^H-NMR (CDCI3): 5.9 (m, 1H. NH); 5.65 (m. IH. olefine); 5.13 (m. 2H. define): 4.25 (m. 4H, OEt); 3.04 (d. 
2H. CH2 = CHCH2, 7 Hz); 1.44 [s. 9H. (CHajaC]: 1.26 (t, 6H, OEt) 

20 

B) tert-Butyioxycarbonyl-(RS)-a-allylglycine ethyl ester 

[Formula Vli: r' = Et; r" = BOC: configuration at "2: RS] 

25 

14.5 g title compound from step A) above is taken up in a solution of 30 ml ethanol and 46 ml IN 
sodium hydroxide and kept at 20* for 16 hours. The ethanol is then separated fom the reaction mixture 
under reduced pressure, the mixture is brought to pH 3,5 with IN hydrochloric acid and extracted with 
acetic acid ethyl ester. After conventional working-up a product is obtained which is submitted to 
30 decarboxylation in xylene (2 hours under refluxing) without further purification. The mixture is concentrated 
to dryness under reduced pressure and filtered over a short silicagel column (eluent: hexane/acetic acid 
ethyl ester 6:1). The title compound is obtained: 

^H-NMR (CDCI3): 5.65 (m, IH, olefine); 5.12 (m. 3H, NH. olefine); 4.35 (m. 1H. H); 4.2 (q, 2H. OEt); 2.53 (m. 
2H, b-H); 1.45 (s, 9H. (CH3)3C]; 1.28 (t, 3H. OEt). 

35 

C) (tert-Butyloxycarbonyl-(R)-a-allylgiycyI)-(R)-alanlne methyl ester and (tert*butyloxycarbonyl-(S)- 
^allylglycyi)-(Rpalanine methyl ester 

40 

[Formula VIII: r" = BOC; R3' = Me; configuration: "2: R and. respectively, S; '3: R] 

To a solution of 4.3 g tert-butyloxycarbonyl-(RS)-a-alIylglycine [saponified title compound of step B) 
above], 2,75 g (R)-alanine methyl ester and 2 g N-methylmorpholine in 100 ml of dichloromethane is 
45 added in portions at 20° 4.1 g dicyclohexylcarbodiimide. After 24 hours the dicyclohexylurea is filtered off, 
the solution concentrated to dryness and the residue chromatographed over silicagel (eluant: hexane/acetic 
acid ethyl ester 5:1). The two diastereoisomeric title compounds are obtained: 
R-Diastereoisomer: [a]o^^ ~ +17.4* (c = 1 in methanol); 

^H-NMR(CDGl3) : 6.72 (d. IH. NH, 7.5 Hz); 5.78 (m. 1H, olefine); 5.15 (m. 2H. olefine); 4.62 (quin, IH. a-H- 
50 Ala, 7.2 Hz); 4.2 (q. IH, a-H-Gly. 7.2 Hz); 3.8 (s. 3H, OMe); 2.55 (m, 2H. ailyl); 1.5 [s. 9H. (CHsjaC]; 1.4 (d. 
3H, CHaCH); 

S-Diastereoisomer: [a]D^° = +13.9" (c = 1 in methanol); 

1H-NMR (CDCI3) : 6.75 (d. IH, NH, 7.5 Hz); 5,75 (m, 1H, olefine); 5.18 (m. 2H, olefine); 4.6 (quin. IH. a-H- 
Ala, 7.5 Hz): 4.2 (q. IH, a-H-Gly. 7.2 Hz); 7.76 (s. 3H. OMe); 2.52 (m. 2H. ailyl); 1.45 [s. 9H. (CHalaC]; 1.4 
55 (d. 3H. CH3CH). 



C ) {tert-ButyIoxycarbonyl-(R)-a-alIylgIycyl)-{S)-alanine ethyl ester and (tert-butyloxycarbonyl'(S)-a- 
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allylglycyl)-(S)-alanme ethyl ester 

[Formula Vlll: r" = BOC; R3' = Et; configuration: '2: R and, respectively. S; *3: S] 

The title compounds are obtained in a manner analogous to step C) above, using (S)-alanine ethyl 
ester in place of (R)-alanine methyl ester: 
R-Diastereoisomer: [a]D^° = +12.1" (c = 1 in methanol); 

^H-NMR (CDCI3): 6.78 (d, 1H. NH, 7.5 Hz); 5.78 (m, 1H. define); 5.15 (m. 2H. define); 4.57 (quin. 1H. a-H- 
Ala. 6.25 H2); 4.2 (q. 2H, OEt, 7.5 H2); 4.2 (m. 1H, o-H-Gly); 2.52 (m. 2H, allyl); 1.45 [s, 9H. (CH3)3C]; 1.4 
(d. 3H, CH3CH. 6.25 Hz); 1.26 (t. 3H, OEt, 7.5 Hz); 
S-Diastereoisomer: [a]f/^ = + 24.3' (c = 1 in methanol); 

•H-NMR (CDCI3): 6.8 (d. 1H. NH, 7.5 Hz); 5.78 (m. 1 H, define); 5.15 (m. 2H, olefine); 4.55 (quin. 1 H, a-H- 
Ala. 6.52 Hz); 4.2 (q, 2H. OEt, 7.5 Hz); 4.2 (m. 1H. a-H-Gly); 2.5 (m. 2H. ally!); 1.45 [s. 9H. (CHa^aC]; 1.4 (d, 
3H. CH3CH. 6.25 Hz); 1.26 (t, 3H, OEt, 7.5 Hz). 

The compounds of formula I in free form or as appropriate in pharmaceutically acceptable salt form, 
hereinafter briefly designated "the compounds of the invention", possess pharmacological activity. They are 
thus indicated for use as pharmaceuticals. 

In particular they modulate unspecific antimicrobial resistance and possess immuncmodulating, antiviral 
and anti-tumor activity and further have a particularly reduced degree of pyrogenicity. 

The activities may e.g. be determined in the following test methods: 

1. Pyrogenicity: 

Testing is effected in accordance with the US Pharmacopeia 1985 (USP XXI) following intravenous 
administration of test substance at various concentrations to groups of 3 rabbits. A substance is. considered 
as pyrogenic when the sum of the body temperature increases in 3 animals within 3 hours after injection is 
clearly above 1 .5 ° C. 

No pyrogenicity is found with the compounds of the invention up to dosages of about 500 ug/kg to 1 
mg/kg body weight. 



2. Modulation of unspecific antimicrobial resistance: 

Enhancement of unspecific resistance against microbial septicemia in neutropenic mice 



The test method is essentially as described in GB 2'179'945 A and DE 37'30'905. 

The compounds of the invention exert after repeated parenteral and/or peroral administration (once daily 
for 3 days) significant (> 80 %) increases in survival rate at a dosage of from about 12.5 mg/kg to about 50 
mg/kg. 



3. Immunomodulating activity: 



Induction of colony-stimulating factors (CSFs) 



The test method is essentially as deschbed in GB 2'1 79*945 A and DE 37'30'905. 

In this test method the compounds of the invention have high GSF activity-inducing effect upon single 
or repeated parenteral and/or oral administration in mice in dosages of from about 0.2 mg/kg to about 50 
mg/kg. 

4. Antitumor activity 
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4.1. Induction of tumor-necrosis factor (TNF) 



TNF induction is determined in bone marrow cell cultures of mice. Bone marrow cells from BDFi mice 
are cultured for 8-10 days in Teflon^ bags in proliferation medium [DMEM H21 + 10 % fetal calf serum + 

5 5 % horse serum + 15 % L 929 cell supernatant (= CSF) + penicillin 10 U/ml + streptomycin 100 
ug.ml]. The cells are then washed by centrifugation and diluted to 1 x 10^ cells/ml in the Induction medium 
(RPMI 1640 + 5 % fetal calf serum + penicillin 10 U/ml + streptomycin 100 ug/ml + 1 % glutamine); 1 
ml/weil aliquots are distributed into 24 well Costar plates and incubation is effected for 24 hours at 37 C 
with 6 % CO2 with and without recombinant murine ( rm ) -/-interferon (100 U/ml). The cell cultures are then 

TO washed twice with induction medium devoid of fetafcalf serum and incubated for 4 hours with the test 
substances diluted in the same medium at a concentration of from 0.1 ng/ml to 100 ug/ml (dilution steps 
1:10). The supernatants are collected and either kept at -70* C or directly investigated for TNF activity [T.J. 
Sayers et al., J. Immunol . 1[36 (1987) 2935-2940]. 

75 

4.2. Tumor-necrosis factor (TNF) assay 

The test method is essentially as described in DE 37'30'905. 

in each assay a TNF standard (recombinant murine TNF from Genzyme) is also used, at an Initial 
20 concentration of 1000 U/ml. Results expressed in international human TNF units relate to comparisons with 
human (recombinant DNA) TNF code number 86/659 from WHO international Laboratory for Biological 
Standards. Herdfordshire. EN 6 3QG. 

In this test the compounds of the invention show at concentrations of from about 0.1 ug/ml to about 10 
ug/ml no induction of TNF-^ release from not preactivated macrophages (interferon-7). but low amounts 
25 (10-30 units/ml) are induced In preactivated macrophages at concentrations of ^ 10 ug/ml. The compounds 
of the invention thus have a desirably low endotoxic potential coupled with macrophage activation for 
immune response. 

30 4.3. Induction of macrophage toxicity against tumor cells (P 815) 

In a system where elicited, adherent mouse macrophages are cultured with tumor cells, lipopolysac- 
charides or Immunostimulant substances can activate the macrophages, which then lyse the tumor cells or 
inhibit their proliferation. This activation can be further enhanced by addition of -y-interferon. The number of 
35 surviving cells can be determined by measurement of ^H-thymidine incorporation after 24 hours since only 
these cells are able to incorporate ^H-thymidine. A comparison with a negative control and with a 
Ilpopolysaccharlde-positive control indicates the lytic or cytotoxic activity of a given concentration of test 
substance in %. 

The compounds of the invention possess at a concentration of from about 1 ug/ml to about 10 ug/ml 
40 lytic activity of more than 80 % against tumor cells, in combination with 5 or 10 units rm 7-interferon. This 
in vitro effect is indicative of an interesting anti-tumor activity. 

4.4. B16F1 mouse melanoma modell 



The test method Is essentially as described in GB 2'1 79*945 A and DE 37'30'905. 
The test substances are administered in physiological saline solution parenterally (i.p., i.v.. s.c.) or 
orally. For the assay of prophylactic activity treatment is effected repeatedly on days -6 to -1 prior to tumor 
Inoculation, and for assaying therapeutic activity on days +3 to + 15 at various intervalls after tumor 
50 Implantation. 

The compounds of the invention produce significant reductions in metastase formation in the lungs of 
test animals after both parenteral and oral administration at a dosage of from about 10 ug/kg to about 50 
mg/kg. 

55 

5. Antiviral activity 
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Herpes infection in nnice : 



The test method is essentially as described in GB 2'1 79*945 A and DE 37'30'905. 

The compounds of the invention clearly improve the course of disease, its duration and the rate of 
survival following experimental HSV-1 infection as compared with untreated controls upon repeated 
administration between days 0 or -1 and + 6. 



6. Endotoxicity 

10 



6.1 . Procoagulant activity (PCA) 

Although no endotoxic activity was detected by the Limulus-amoebocyte lysate test, procoagulant 
activity { PCA ) was investigated as a second very sensitive indicator for endotoxicity and for the inhibitory 
properties of the compounds of the invention. 



6.1 .1 . In vitro 

,?o 

After stimulation with lipopolysaccharide human endothelial cells produce PCA. measured as a de- 
crease in the time required for plasma coagulation. 

Macrophages following treatment with lipopolysaccharide and peritoneal leucocytes (obtained from 
rabbits) following generalized Schwartzman reaction also have this effect on recalcified plasma. 
25 In a test setup a) designed to investigate the effect on tipopolysaccharide-induced PCA, peritoneal 

macrophages from BsDoFi-mice stimulated with thioglycolate are treated overnight with lipopolysaccharide 
either atone or logether with test substance in DMEM medium devoid of fetal calf serum. 

In a test setup b), such mouse macrophages are treated for 24 hours with lipopolysaccharide or. 
respectively, test substance and following a change of medium are stimulated overnight with lipopolysac- 
30 charide. 

The coagulation time of recalcified human control plasma following addition of repeatedly frozen and 
uitrasonicated macrophage suspension is determined using the Hackchen method. 

The addition of the compounds of the invention reduces the PCA triggered by lipopolysaccharide below 
the level of the control (increase in duration of coagulation), Pretreatment with a compound of the invention 
35 also leads to a reduction in PCA. 



6.1 .2. In vivo 

40 The effect is determined in mouse peritoneal leucocytes after pretreatment with test substance as 
follows: BeDsFi-mice are treated on days 1. 2 and 3 with lipopolysaccharide or. respectively, test 
substance, administered intraperitoneally. On day 3 all animals additionally receive 1.5 ml of thioglycolate 
i.p. On day 6 peritoneal macrophages are recovered, the sample from each animal is brought to 1x10^ 
cells/ml and stimulated for 24 hours with LPS in DMEM medium devoid of fetal calf serum. The PCA of 

45 these cells is determined as described above, 

Pretreatment with LPS Dr with the compounds of the invention leads to markedly reduced PCA. An 
analogous finding is made using rabbits. 



50 6.2. Induction of endotoxin shock in the mouse 



The test method is essentially as described in GB 2*179*945 A and DE 37*30*905. 
For the compound of Example 1 an LD50 of 12 mg/kg is found. 

The compounds of the invention are therefore indicated for use in the prevention and treatment c 
55 conditions requiring immunomodulation. e.g. the modulation of unspeclfic antimicrobial resistance, and a 
antiviral and anti-tumor agents. 

For these indications the appropriate dosage will, of course, vary depending upon, for example, thi 
host, the mode of administration and the nature and severity of the condition being treated. However, ii 
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general, satisfactory results are indicated to be obtained systemicaily at daily dosages of from about 1.5 
ug/kg to about 100 mg/kg aninnal body weight. An indicated daily dosage is in the range of from about 0.1 
mg to about 7.0 mg. conveniently administered, for example, in divided doses up to four times a day or in 
retard form, 

5 The compounds of the invention may be administered by any conventional route, in particular enterally, 

e.g. orally, e.g. in the form of tablets or capsules, or in the form of injectable solutions. 

Pharmaceutical compositions comprising a compound of the invention in association with at least one 
pharmaceutically acceptable carrier or diluent may be manufactured in conventional manner by mixing with 
a pharmaceutically acceptable carrier or diluent and are part of the present invention. Unit dosage forms 
70 contain, for example, from about 0.025 mg to about 35 mg of active substance. 

Preferred in the above indications are the compounds of Examples 15 and 16. i.e. 

- {N-[N'-heptanoyl-(R)-'y-glutamyl-(a-ben2ylester)]-(S)-a-[2-(Y)-((S)-alanyIoxy)pent-4-enoic acid butyl ester-5- 
yl]glycyI}-(R)-alanine methyl ester and 

- {N-[N'-Heptanoyl-(R)-y-gIutamyl-(a-benzy!ester)]-(S)-ff-[2-(X)-((S)-aIanyloxy)pent-4-enoic acid butyl ester- 
75 S-yl]glycyl}-(R)-alanine methyl ester. 

preferably in hydrochloride salt form. 

The invention also comprises the compounds of the invention for use as pharmaceuticals, especially for 
use in the prevention and treatment of conditions requiring immunomodulation. e.g. the modulation of 
unspecific antimicrobial resistance, and as antiviral and anti-tumor agents. 
20 The invention further comprises a method for the treatment of conditions requiring immunomodulation. 
e.g. the modulation of unspecific antimicrobial resistance, and of conditions requiring antiviral and anti-tumor 
therapy, comprising administering a therapeutically effective amount of a compound of the invention to a 
patient in need of such treatment. 
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Claims 

1 . A compound of formula 1 



*i 

Rl — CONH — CH — COOR2 



(CH2)2 
I *2 *3 

CONH — CH — CONH — CH (CH3 ) — COOR3 




wherein 

45 Ri is alkyi or trifluoromethyl, 

R2, R3 and R4 independently are hydrogen or a carboxy-protectlng group and 

R5 is hydrogen or alanyl optionally protected at the amino moiety thereof, with the proviso that when R2. R3 
and R4 simultaneously are hydrogen, then R5 is hydrogen, 
in free form or as appropriate in salt form. 
50 2. A compound according to claim 1 wherein Ri is as defined in claim 1 and R2 to R5 are hydrogen. 
3. A compound according to claim 1 of formula Is 



55 
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*1 

Rl ^ — CONH — CH — COOR2 ' 
{CH2)2 

5 I *2 *3 

CONH — CH — CONH— <:H (CH3 ) — COORa" 

I ^5 
CH=CH 

10 CH2CH — OR5* 

I 

COOR4* 

75 wherein 

is alkyi of 4 to 12 carbon atoms, 
is hydrogen. alkyI of 1 to 4 carbon atoms or benzyl, 
R3^ and R*^ are hydrogen or alkyI of 1 to 4 carbon atoms, and 

Rs^ is hydrogen or alanyl optionally protected at the amino moiety thereof by tert-butyloxycarbonyl, 
20 in free form or as appropriate in salt form. 

4. The compound according to claim 1 wherein R, to Rs respectively are Hex. Bz. Me, Bu and alanyl and 
the configuration at carbon atoms "1 to "5 respectively is R. S, R, Y and S. 

5. The compound according to claim 1 wherein R, to Rs respectively are Hex, Bz. Me. Bu and alanyl and 
the configuration at carbon atoms "1 to -5 respectively is R. S, R, X and S. 

6. A process for the preparation of a compound according to claim 1 of formula la 



25 



35 



40 



45 



50 



Rl — CONH — C H — COOR2 



30 (CH2) 



2 



I *2 *3 

CONH — CH — CONH — ^CH (CH3 ) — COOR3 

I 

CH CH 

(E) I 

I *4 

CH2CH — OH 
I 

COOR4 



wherein Ri to R* are as defined in claim 1, 
comprising reacting a compound of formula II 

Rl — CONH — CH — COOR2 
I 

(CH2)2 



CONH — CH CONH — CH (CH3 ) — COOR3 1 1 

I 

CH2 — CH CH2 



wherein 

Rl is as defined in claim 1 and 

R2' and R3' independently are a carboxy-protecting group, 
with a compound of formula III 
OHC-COOR4' III 

wherein R4 is a carboxy-protecting group, 
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10 



and v/here appropriate splitting off in one or more steps the carboxy-protecting groups from the resultant 
compound of formula ia 

Rl — CONH — CH — COOR2 
I 

(CH2)2 

CONH— CH— CONH — CH (CH3 ) — COOR3 ' 

I la' 
CH=CH 

(E) j 

I *4 

CH2CH — OH 

I 

'5 COOR4 ' 

wherein 

Rt is as defined in claim 1 and 
,?o R2 . R3 , and R4 , are as defined in this claim. 

and recovering the resultant compound of formula la in free form or as appropriate in salt form, 
7. A process for the preparation of a compound according to claim 1 of formula lb 

Rl — CONH — CH — COOR2 ' 

I 

{CH2)2 

CONH — CH — CONH — CH (CH3 ) — COOR3 ' 

I lb 
CH==CH 

(E) I 

CH2CH OR5' 

35 COOR4' 

wherein 

Rl is as defined in claim 1 , 
40 R: . R3 . and are as defined in claim 6 and 

R5' is aianyl optionally protected at the amino moiety thereof. 

comprising reacting a compound of formula la as defined in claim 6 with a compound of formula IV 

45 HOOC CH(CH3) NHR^ IV 

wherein R5 is an amino-protecting group. 

and where appropriate splitting off the amino-protecting group from the resultant compound of formula lb 

50 
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— CONH — CH — COOR2 
I 

(CH2)2 

conh — ch — conh — ch (ch3 ) — coor3 

'h=ch '''' 

CH2CH — OR5" 
COOR4' 

75 wherein 

Ri is as defined in claim 1, 

R2'. R3', and R4' are as defined in claim 6 and 

R5 13 aianyl protecLcu at the amino moiety Ihereof, 

and recovering the resultant compound of formula lb in free form or as appropriate in salt form. 
20 8. A pharmaceutical composition comprising a compound according to any one of claims 1 to 5 in free form 
or as appropriate in pharmaceutically acceptable salt form together with at least one pharmaceutically 
acceptable carrier or diluent. 

9. A compound according to any one of claims 1 to 5 in free form or as appropriate in pharmaceutically 
acceptable salt form for use as a pharmaceutical. 
25 10. A compound according to any one of claims 1 to 5 in free form or as appropriate in pharmaceutically 
acceptable salt form for use in the prevention or treatment of conditions requiring immunomodulation. e.g. 
the modulation of unspecific antimicrobial resistance, or as an antiviral or anti-tumor agent. 



30 



Claims for the following Contracting States: ES, GR 

1. A process for the preparation of a compound of formula I 



35 



45 



* 1 

Rl — CONH — CH — COOR2 
I 

(CH2)2 



I *2 *3 

CONH — CH — CONH — CH (CH3) — C'OORa 
^0 CH==CH 

(E) I 

CH2CH OR5 



COOR4 



wherein 

Rl is alkyi or trifluoromethyl. 

R2. Ra and R* independently are hydrogen or a carboxy-protecting group and 
50 Rs is hydrogen or alanyl optionally protected at the amino moiety thereof, with the proviso that when R-. R3 
and Rt simultaneously are hydrogen, then R5 is hydrogen, 
in free form or as appropriate in salt form, 
comprising 

a) for the preparation of a compound of formula la 

55 
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*1 

Rl — CONH — C H — COOR2 
I 

(CH2)2 



I *2 +3 

CONH — CH — CONH — CH (CH3 ) — COOR3 

I la 

:h 



20 



25 



(E) I 

CH2CH — OH 

i 

C00R4 

75 wherein Ri to Ri are as defined above, 
reacting a compound of formula II 

*i 

Rl — CONH — CH — COOR2 ' 
I 

(CH2)2 
I ♦2 *3 

CONH — CH — CONH — CH (CH3 ) — COOR3 ' 1 1 

CH2 — CP CH2 

v/herein 

Rl is as defined above and 

R2 and R3 independently are a carboxy-protecting group, 
with a compound of formula III 
OHO - COOR4' 111 

wherein R* is a carboxy-protecting group, 

and v/here appropriate splitting off in one or more steps the carboxy-protecting groups from the resultant 
compound of formula la 

*l 

Rl — CONH — CH — COOR2 ' 
I 

(CH2)2 

I *2 *3 

CONH — CH — CONH — CH (CH3 ) — COOR3 ' 

I la' 
CH=CH 



30 



35 



45 



50 



(E) I 



*4 

CH2CH — OH 

I 

COOR4 ' 



wnerein 

R' , R2 . R3 and R4. are as defined above; or 

b) for the preparation of a compound of formuia lb 



55 
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25 



30 



35 



50 



*1 

Rl — CONH — CH — COOR2 
(CH2 ) 2 



I *2 *3 

CONH — CH — CONH — CH (CH3 } — COOR3 

I lb 



CH=CH 
(E) I 

1 *4 

^0 CH2CH — OR5 

COOR4' 

75 wherein 

Ri . R2 \ R3' and r/ are as defined above and 

R5' is alanyl optionally protected at the annino moiety thereof, 

reacting a compound of formula la as defined above 

with a compound of formula IV 

20 

HOOC CH(CH3) NHR« 

v/herein R5 is an amino-protecting group, 

and where appropriate splitting off the amino-protecting group from the resultant compound of formula lb 

Rl — CONH — CH — COOR2 
I 

(CH2)2 

I *2 *3 

CONH — CH — CONH — CH (CH3 ) — COOR3 

I lb' 
CH=CH 

(E) I 

CH2CH — OR5 

1 

COOR4 ' 

40 

wherein 

Rl, R2 . R3'. and R*', are as defined above and 
Rs" is alanyl protected at the amino moiety thereof, 

and recovering the resultant compound of formula 1 in free form or as appropriate in salt form. 
''^ 2. A process according to claim 1 for the preparation of the compound of formula I wherein Ri to R5 
respectively are Hex. Bz. Me, Bu and alanyl and the configuration at carbon atoms '1 to -5 respectively is 
either R, S. R. Y and S 
or R. S, R, X and S. 

in free form or as appropriate in salt form. 

3. A process for the preparation of a pharmaceutical composition comprising mixing a compound of formula 
I as defined in claim 1 or 2 in free form or as appropriate in pharmaceutically acceptable salt form together 
with at least one pharmaceutically acceptable carrier or diluent. 
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